I. INTRODUCTION.
In an endeavour to explore every avenue for the treatment of nonpulmonary tuberculosis in children a visit was paid to the Finsen Institute in Copenhagen in October, 1921, to gain first hand knowledge of the methods employed at that centre in view of the results claimed.
Although between 80 and 85 per cent. of the cases treated in this hospital by fixation and natural helio-therapy were discharged quiescent, it was felt that artificial light might secure (1) a greater percentage of 'recoveries' (2) a reduction in the time required to attain 'recovery'; (3) an amelioration in the condition of advanced and complicated cases which had failed to respond to open-air treatment.
The visit to Copenhagen was of too short a duration to confirm with certainty the above-mentioned queries, but it was felt that sufficient evidence had been produced to allow of an experimental installation of artificial light. Two long-flame carbon arc lamps were therefore installed in August, 1922, supply regular stimulus by means of organized periodic doses of light, and this has undoubtedly reflected itself upon the local foci of disease because of the marked improvement in the general condition of the children treated.
Although it is as yet too early to say that greater percentage of recoveries has been obtained, and although it has been definitely established that the cases in an advanced stage of disease do not benefit by such treatment but are rather made worse, there is definite evidence to show that the duration of stay in hospital of cases of tuberculous adenitis and tuberculous peritonitis has been lessened, and that fewer of these cases relapse on return to home life than was the case formerly. It was, however, felt that more conclusive evidence as to the value of artificial light treatment should be obtained, and, in order to attempt to secure this, research work was undertaken by Dr. John D. Craig, the details of which are amplified in the accompanying articles.
The results obtained were satisfactory up to a certain point and it is felt that the conclusions warranted a continuance of such research over a longer period and the production of further evidence as a result of experiments of (1) treatment by 'light ' in the earliest stages of disease; (2) the reaction to 'light of varying wave lengths.
II. THE SEDIMENTATION RATE AND BLOOD PRESSURE AS CRITERIA OF THE VALUE OF ULTRA-VIOLET RADIATION IN TUBERCULOSIS OF CHILDHOOD.
THE SEDIMENTATION RATE OF ERYTHEROCYTES. In the days when blood letting was common it was a recognised phenomenon that the settling rate of blood corpuscles with the formation of a ' cruor sanquinis ' was increased in inflammatory conditions and this was considered to be an important clinical sign by Hewson (1771) and Hunter (1794) .
Probably on account of the decline of blood-letting the test was allowed to lecome dormant until 1.917 when Fohroeusl drew attention to it, and again in 1921 when Westergren2 published an account of his technique and conclusions. Since that time an immense literature has appeared, most of it emanating from Continental centres, but some more recently from America.
In England Heaf3, Lyle Cummins and Acland4, and R. G. Bannerman5 have made contributions to the literature.
Most of the work referred to above has been done with a view to using the sedimentation rate as a test in diagnosis, and in this respect it has been disappointing; for, as is shown in the following notes, its value as an aid in diagnosis is limited. In one aspect, however, namely as an aid to prognosis, and particularly as a criterion of the effect of treatment, there is almost unanimous approval that it is of value.
It was during the period when search was being made in the literature for assistance in assessing the value of ultra-violet radiation that attention was drawn to Heaf Slightly improved.
B.P.
--- Conclusions. 1 . A series of sedimentation rates has a definite place and value in forming an opinion as to the progress and prognosis of tuberculosis in children.
2. As a diagnostic agent its scope is limited. In this work may be found a few cases of undoubted tuberculosis which have a normal sedimentation rate. An abnormal rate is probably always an indication of disease, not necessarily tuberculosis.
3. It is felt that extremes of temperature may alter the reading to some extent. For this reason the room temperature was noted. The temperature of the room in which the readings were taken was almost always between 550 and 600 F.
4. It is considered that a series of sedimentation rates may be of great value in controlling the dosage and the duration of treatment by ultra-violet radiation.
THE BLOOD PRESSURE.
The instrument used was a desk model Baumanometer. The residual systolic pressure was estimated by finger palpation as it was found that the auscultatory method was not practicable in children.
The readings were taken at rest, between exposures to ultra-violet radiation, and at approximately the same time after a meal.
It is to be admitted that in children there is a certain difficulty about the taking of blood pressure, but it was found that after due consideration had been given to this fact there were certain tendencies which could not be disregarded.
The taking of the blood pressure was at first regarded solely in the role of a routine examination, but as the number of readings increased the following impressions were gleaned: (1) That in many cases which were clinically and by the sedimentation rate showing marked improvement, the blood pressure rose in a correspondingly definite fashion. Briefly the tendency in cases showing improvement was for the blood pressure to rise. This was also shown in some of the control cases on ordinary routine open-air treatment.
(2) That following one month's ultra-violet radiation certain cases show a definite fall in blood pressure, and that this often coincided with the fall in the sedimentation rate reading which was referred to as the 'negative phase.' (3) That the variations shown in the blood-pressure readings were more iuarked in those cases receiving radiation than in the control cases.
III. OBSERVATIONS ON ENDOCRINE ACTIVITY & CARBOHYDRATE TOLERANCE IN CONNECTION WITH ULTRA-VIOLET RADIATION.
During the period that an investigation was being made into the value of ultra-violet radiation in the treatment of tuberculous children, it was observed that in certain cases the reaction to light suggested the possibility of an association between ultra-violet radiation and the endocrine glands. The relationship between low blood pressure and pigmentation, in particular, gave rise to the premise that the suprarenal glands play more than a passive part in the action of light on the body.
On the strength of these observations, and also upon certain other evidence gleaned from various sources, it was decided to ascertain what effect, if any, the exhibition of suprarenal extract might have on one of these cases. The first case (and for a time the only case) so treated was that of a boy of fourteen who had been on a frame for four years, during the latter part of which he had been receiving ultra-violet radiation. When suprarenal therapy was begun he was almost in extremis: there was widespread cedema up to the axillae. the hip was discharging from twelve sinuses and the buttock was partially gangrenous, the liver and spleen were much enlarged and the urine was loaded with albumen. There was deep brown pigmentation on the whole body. The Wassermann reaction was negative. The blood pressure was 100 mm. and the sedimentation rate was 119 mm. Ultra-violet radiation had been stopped about a month previously, but was re-started when treatment by suprarenal extract was begun. Some eight months later the boy presented quite a different picture: the pigmentation was no longer excessive, the liver though palpable was now shrunken and the spleen was not palpable. There was a trace of albumen in the urine, the B.P. was 130 mm., and the sedimentation rate 138 mm. Since then the improvement has continued, and the patient is now able to get up though he is still an in-patient in the Hospital.
When it was seen that improvement was taking place in this case, other patients were similarly treated, but unfortunately the results in the series of cases were not so encouraging. Following upon this line of thought it was considered that it might help if the efficiency of these glands could be estimated. No reliable method of estimating this efficiency was found in the literature. As it is known that the suprarenal glands influence carbohydrate metabolism, it was thought that it might be of interest to ascertain the patients' carbohydrate tolerance before and after a period of ultra-violet radiation.
The conclusions and technique are embodied in the following paragraphs. THE ADRENALS AND LIGHT. The hypothesis enunciated in the introduction, namely, that the adrenal glands play more than a passive part in the treatment of disease by ultra-violet radiation, was based upon certain observations in the cases under investigation and upon other evidence extracted from the literature. It was found on further investigation that this particular type of case, the progressive, pigmented and often amyloid patient, had in most instances although not in all, a comparatively low blood pressure. (The question of raised blood pressure with albuminuria is also to be considered in these cases, the majority of which had albuminuria.) Perhaps a much more significant factor was the initial fall in blood pressure following the first period (one month) of artificial radiation, and that this was often accompanied by a corresponding fall in the sedimentation-rate reading. When this was compared with the fact that in those cases which were showing improvement, the blood pressure tended to rise after the first month, it was wondered whether that secretion in the body best known to be capable of raising blood pressure was associated with these changes.
ARChItVES 0or rISE.ASE IN CHILDHOOD CASES TREATED
It has been observed by Mayer and Bell Fergusonl2 that the immediate effect of a light bath is to produce a lowering of the blood pressure, which effect normally disappears within a short time after exposure. This may be explained bya vaso-dilatation of the surface capillaries, and to what extent the sympathetic nervous system could in itself be associated with any of the observations recorded in these notes it would be difficult to say.
In 'sunstroke,' which corresponds to an overdose of sunlight, it is found that the blood pressure remains low. There would appear to be a similarity between sunstroke and surgical shock, and in the latter Crile strongly advocates the use of adrenalin. Dale and Richardsl3 have shown recently that adrenalin is able to act directly without being dependent upon other substances, e.g., histamine.
The thought which presents itself is whether the action of adrenalin is that of supplying a physiological want.
Another condition which simulates surgical shock is death in an animal following an injection of haematoporphyrin. Gilchrist", has stated that investigations into hwematoporphyrinuria has revealed that the cause of death was the depression of blood pressure and dilatation' of vessels. That there is in cases of haematoporphyrinuria an extreme 'light sensitiveness!' has been shown by Ashby2O in describing a patient who suffered from attacks of Hydroa whenever the weather was hot and sunny and who was very pigmented and sunburint. Betz The following paragraph is from Bell Ferguson's book on the Quartz lamp" 6 Dr. F. Talbot, in a letter to the British Medical Journal, relates how an asthmatical boy was given an ultra-violet radiation bath, and also his brother who was not asthmatical. Within some hours the first mentioned developed an attack of asthma and showed a much milder crythema than his brother. He was given adrenalin. Within half an hour the asthma passed off and 34 hours later it was observed that his erythema had increased and was now almost as marked as in the case of his brother. Dr. Talbot suggests that the skin's reaction to light makes a demand on the adrenals which in this case temporarily exhausted them and induced an attack of asthma, and that the dose of adrenalin restored the balance and enabled the skin reaction to be completed.
Another aspect of the hypothesis is that of the ' antitoxic ' property of the suprarenal capsules which has been suggested by Schafer,l. He states that enlargement of the suprarenal capsules, mainly of the cortex, has been frequently noticed in infection and as the result of inoculation with disease toxins. As all cases which were treated with suprarenal extract were complicated by a secondary pyogenic infection, the question arises whether the improvement, if any, could be due to some antitoxic action of the suprarenal extract. But if this is true the fact remains that these cases do badly on artificial light and that this might be due to some further adrenal drain.
The addition of parathyroid extract, although empirical, was considered advisable for the following reasons (1) It has been suggested that endocrine extracts have a greater action in combination with one another, and that the parathyroid gland is the compliment of the suprarenal gland17. (2) It is known that following a long fixation on frames decalcification occurs, and that this takes place in the neighbourhood of a tuberculous joint. It was considered that the addition of parathyroid extract might assist in mobilizing the calcium content of the body and also in counteracting infection. (3) Richter" suggests that in Addison's disease there is an increased breaking down of bone.
(4) Rabbits exposed to ultra-violet radiation develop a hypertrophy of the parathyroid glandsl9.
It was felt that the injection of adrenalin into the skin was not justified. For that reason and also that perhaps the whole gland would be more likely to produce an action, the dessicated adrenal substance (grn. 2 in gelatine capsules) was used throughout with parathyroid tablets, gin. 1 (Messrs. Parke,
(1) That there has been a therapeutic action in a few cases following the exhibition of these extracts is supported by the following evidence:-(a) It would appear that the blood pressure has been raised appreciably in some of the cases. (Leyton2l states that adrenal extract, although when administered by mouth it fails ordinarily to produce elevation of blood pressure, will bring about this effect in cases of Addison's disease.) Two control cases did not show any decided rise following a course-two months-of suprarenal extract.
(b) That the pigmentation in some cases has decidedly diminished in degree following treatment on these lines. (Allowance is made for the fact that some of these cases began treatment in the summer.) (2) It is too early to weigh up how much improvement has been shown, but when it is remembered that these cases were advanced, and that some of them had entered that last stage which usually terminates in death, it is felt that there has been a definite response in the way desired.
(3) No conclusion regarding the influence of ultra-violet radiation upon the action of the extracts has been made, but it would appear that any change has been independent of the former.
(4) The observations although inconclusive would, it is thought, repay further inivestigation. It is felt that the particular fields in which trial might be made are: (a) Cases verging on amyloid disease ; (b) Cases sensitive to ultra-violet radiation.
ULTRA-VIOLET RADIATION AND CARBOHYDRATE METABOLISM.
Interest in the adrenal glands having been aroused the question of whether it were possible to estimate their efficiency presented itself. There appears to be no satisfactory method of doing this.
ARCHIVES Otr DISEASE IN CHsILDHOOD sugar-tolerance curves before and after a course of exposures. It was assumed also that any results could not be conclusive, for a stimulus applied to the adrenals probably affects the complete endocrine system, and that any change could be associated with other hormones, as for example, the thyroid or pancreas.
Here may be mentioned the case of an adult female to whom it was suggested by an outside practitioner that a course of ultra-violet radiation might be of benefit to her. The diagnosis was that of nervous breakdown, but after about six weeks' treatment she developed marked exophthalmos, and although the thyroid gland was enlarged to begin with it became very much bigger.
It was decided to use a large dose of glucose go that any variations in the curves would be more evident, and for this reason a comparatively large amount for children (80 grm.) was used. It has been stated that, however large the amount of glucose given, the blood sugar will not rise any higher than if the C(HART OF AvERAGE BLOOI) SUCGAR CURVLS.
-___________ 3Before U.V. Radiation. conxtrol curves were made on normal children about the same age, and as these were found to be within normal limits, it is suggested that these high values were due in most cases to sepsis, or where no obvious focus of pyogenic infection could be discovered, to the original tuberculous disease itself.
The resting sugar was taken at least three hours after a meal and the patients were then given 80 grm. of powdered glucose in water. Blood was taken from a vein at half, one and two-hourly intervals. The proteins were precipitated immediately in almost all cases and the blood sugar estimated by the colorimetric method (Folin and Wu).
Conclusions.
(1) It would appear that in patients suffering from tuberculous lesions the carbohydrate tolerance is increased following exposures to ultra-violet radiation. (2) As has been stated no conclusion regarding any association between carbohydrate metabolism, ultra-violet radiation, and the suprarenal capsules can be assumed, because so many other aspects must be taken into consideration. Such an association may, however, be suspected.
IV. EXPERIMENTAL DATA & CONCLUSIONS.
EXPERIMENTAL DATA.
The following charts represent the numerical readings of the tests involved; but it must be emphasized that the conclusions are based not only on these tests, but also in large part on the clinical picture presented by each case, X-Ray reports, the formation and breaking down of abscesses, temperature range, etc.
In certain cases, also, ultra-violet therapy, and/or endocrine therapy, were stopped for occasional periods and the effect on the patient noted. These and other observations have of necessity been omitted, but have been taken into consideration in forming conclusions. It is to be regretted that a time limit had to be fixed for the duration of the tests, and in consequence certain conclusions are immature.
The following scheme has been drawn up with a view to simplifying the results A. Central Lesions.
C. General Conclusion8.
It will be seen from the cases recorded that following the first month's treatment with ultra-violet radiation, many cases show a fall in the sedimentation rate reading, followed by a rise in the succeeding month. This initial fall has been so frequently noted that for descriptive purposes it has been called' the negative phase.' It will be further noticed that in other cases which are secondarily infected, or in which an abscess is developing, the succeeding rise is at least delayed. It is thought that the significance of this fall is an increased reaction in the focus of disease.
It is also considered that the severity of this reaction is dependent upon three factors :-(l) The severity and site of the lesion; (2) The degree of mixed infection, if present; and (3) The dosage of ultra-violet radiation. These three factors together with the reaction to light of the individual may, it is thought, provide a basis upon which this adjuvant method of treatment should be prescribed.
Of these three factors there is only one, namely, radiation, which can be varied at will. It is felt that the method of treatment in vogue at present is too empirical, and that this source of natural energy should be used in prescribed doses according to the reaction which might be expected to occur. It is considered that in general diseases a mild response, or possibly a single 'shock' dose, is more desirable than a continued severe, or moderately severe reaction. Possibly the nearer natural sunshine is simulated for general diseases, and this can be best done by using carbon-arc lamps with mild carbons, the better the results will be. It is felt that adequate control of dosage could be obtained by observations of temperature, sedimentation rate, and skiagrams.
Subject to consideration of the above-mentioned controlling factors, it is thought that in ultra-violet radiation is to be found an adjuvant method of treatment of considerable value and possibility in cases of tuberculosis in children.
S:pecial Conclusions.
A. Central Lesion8. (1) Early. It is to be regretted that the number of cases under this heading is small, but from these and the suspected action of ultra-violet radiation it is thought that in this group radiation is of considerable value. It is considered that small doses are probably best, possibly after three months immobilization, when the resistance of the body is expected to be on the up grade.
ARCHTIVES OF DISEASE IN CHILDHOOD
(2) Moderately advanced, but without sinus formation. The clinical impression gained from cases in this group is that there has been a better response to treatment in cases receiving radiation than in corresponding cases in hospital. The sedimentation rates in this section, it is thought, have not been taken over a sufficiently long period in some cases, for where abscesses are present it is to be expected that until they heal completely the sedimentation rate will remain low.
In this group again it is considered there is scope for ultra-violet radiation, but only where the dose is graduated according to the principles laid down in the introduction to this section. Here again the influence of possible secondary infection, although the skin is unbroken, is felt to be of moment.
(3) Advanced, with sinuses. With but one exception the results in this group have been disappointing. In the majority that the activity of the disease has been increased to a considerable exteint after irradiation is shown by lower sedimentation-rate readings, lower blood pressure, wasting, increased discharge from sinuses, and in three cases by death. It is considered that ultra-violet radiation accelerated this result.
It would appear that in the presence of a large focus of pyogenic infection, radiation either lowers the bodily resistance or activates the bacteria to a much greater extent than the resistance of the body can withstand.
Although the results obtained in this group have been poor it must be remembered that the dosage in all cases was empirical and that no change was made from the routine. It is possible that if this dose could be controlled and this type of case receive a much shorter exposure, by coaxing the resistance of the body some benefit might be obtained.
B. Peripheral Lesions. The treatment of peripheral lesions by ultraviolet radiation is the most favourable field for this mode of therapy.
Disease of the ankle and elbow joints, with or without sinuses do well, and also tuberculous skin lesions. It is of interest to note that the sinuses of peripheral lesions heal more rapidly with radiation than without.
Ca8es of tuberculou peritonitis, diagnosed clinically or with physical signs, improve immensely, except those which are advanced. There is also a feeling that the stay in hospital of these cases is shortened.
Glands of neck. It was noticed that following a few exposures to radiation in a number of cases of cervical adenitis the glands broke down, with extrusion of their contents through the skin, but that in others, after first becoming further enlarged and rather tender, they retracted and became extremely hard. It is thought that the condition of the glands as regards softening at the commencement of treatment, and particularly the influence of local sepsis, teeth, tonsils, etc., play some part in the reaction of the glands to radiation. Great care is required in treating cases of cervical adenitis, and the dose must be carefully regulated. Where there is a sinus present good results were almost always obtained.
In conclusion I would like to thank Dr. A. Dingwall Fordyce for his invaluable encouragement and advice. 
